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DESCRIPTION 

The invention relates to a projection system having a projection display, at 
least one light source, and a sensor means for sensing and compensating for changes in the 
luminous flux emitted by the at least one ligiht source. 
5 What are used as light sources in projection systiems are generally one or more 

high-pressure gas-discharge lamps (high intensity discharge (HID) or ultra high perfonnance 
(UHP) lamps). In principle, lamps of this kind can be operated both with direct current and 
with alternating current. There are advantages and disadvantages to both modes of operation. 
Whereas with an alternating current it is possible to prevent any rapid erosion of the 

10 electrodes and to improve the efficiency of the lamp, the arc discharge is often imstable due 
to the change in polarity and cyclic fluctuations in brightness or other faults with the 
projected image may therefore occur. However, even with a lamp operated with direct - 
current it caimot be ruled out that, particularly towards the end of its life, there may be 
instabilities in tiie arc discharge due, for example, to the gap between the electrodes having 

15 by then become too large. 

To ensure an image of optimum and fault-jfree quality throughout the entire 
life of a discharge lamp, sensors should therefore be provided in both these modes of 
operation to monitor the luminous flux emitted and to compensate as appropriate for short- 
term fluctuations and any long-term decline. 

20 Fluctuations of the above kind are a particular nuisance when they appear on 

projection displays employing sequential color recapture (single panel displays). Displays of 
this type include, for example, LCOS displays, where the three primary colors pass over the 
screen sequentially in the form of colored bars (see in this connection Shimizu "Scrolling 
Color LCOS for HDTV Rear Projection" in SID 01 Digest of Technical Papers, Vol. XXXII, 

25 pages 1072 to 1075, 2001), and SCR-DMD projection displays (see in this connection 
Dewald, Penn, Davis "Sequential Color Recapture and Dynamic Filtering: A Method of 
ScrolUng Color" in SID 01 Digest of Technical Papers, Vol. XXXn, pages 1076 to 1079, 
2001). 
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To generate light of the three primary colors, systems of this kind have a color 
modulator arranged between the light source and the display that is capable of causing 
considerable fluctuations in brightness in the system. This gives rise to the problem that the 
sensors mentioned above must not sense such fluctuations. In fact, what the sensors should 
5 do is to generate a signal that, ideally, is proportional to the luminoiis flux that, after optical 
integration, is incident on the display as a mean over time. However, since the optical 
integration and the color modulation are closely adjacent to one another in the above 
projection systems and are correlated witihi one another, it is relatively difficult to find a 
suitable position for the sensors in which they will be able to sense the said luminous flux 
1 0 without any problems. 

Even in black-and-white projection systems, a limiinoiis flux that varies 
cyclically or that declines during the life of the lamp may give rise to faults with the image or 
at least may be undesirable. 

It is an object of the invention to provide a projection system of the kind 
15 specified above in the first paragraph above in which any adverse effects on the quality of the 
image caused by an unintentional change in the liaminous flux emitted by the light source are 
at least largely avoided. 

It is in particiilar an aim of the invention to provide a projection system that 
has at least one high-pressure gas-discharge lamp, in which any adverse effects on the quality 
20 of the image caused by fluctuations in the luminous flux, such fluctuations being due in 
particular to an unstable arc discharge, are at least largely avoided. 

Finally, it is also an object of the invention to provide a projection system 
employing sequential color recapture, in which color artifacts due to an xmintentional change 
in the luminous flux emitted by the light source are at least largely avoided, particularly when 
25 one or more high-pressure gas-discharge lamps operated by alternating current are used as a 
light source. 

As detailed in claim 1, the object is achieved with a projection system having a 
projection display, at least one light source, and a sensor means for sensing and compensating 
for changes in the luminous flux emitted by the at least one light source, which means has at 
30 least one sensor arrangement for sensing components of the light fi:om the light source that 
are directed into a region surrounding an entering face of an optical component of the 
projection system. 
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A particular advantage of this solution is that it is relatively easy to find a 
suitable position for the sensor arrangement in the projection system in which the said 
components of the light can be sensed. 

Surprismgly, it has also been foimd that there is a high correlation between 
5 these components of the light and those other components that are used to actually produce 
the image. What this means is that the usual range of fluctuation in the brightness of the 
image that may be caused by, for example, an imstable arc discharge and that may be up to 
approximately 10 %, can be reduced to a range of fluctuation of approximately 1 %, which 
can then be considered no longer visible. 
10 The dependent claims relate to advantageous embodiments of the invention. 

The embodiments detailed in claims 2 and 3 allow the fluctuations in the 
limiinous flux that are sensed by the sensor arrangement to be compensated for relatively 
easily. 

Claims 4 to 7 relate to preferred embodiments of the sensor arrangement that 
15 enable the said components of the light to be sensed with particular jfreedom from dismption. 
Claim 8 relates to an optical component around whose entering face the sensor arrangement 
is preferably positioned. 

Finally, claim 9 defines a projection system that is particularly suitable for use 
with the sensor means according to the invention. 
20 These and other aspects of the invention are apparent from and will be 

elucidated with reference to the embodiments described hereinafter. 



In the drawings: 

25 Fig. 1 is a side-view showing the general arrangement of a color projection 

system. 

Fig. 2 is a view of a first embodiment looking in the direction of arrow A in 

Fig.l- 

Fig. 3 shows different curves for light intensity in the focal plane of a lamp. 
30 Fig. 4 shows different correlations between the changes in sensor signals and 

actual changes in intensity. 

Fig. 5 is a view of a second embodiment looking in the direction of arrow A in 

Fig.l, and 

Fig. 6 is a side-view of a third embodiment. 
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The invention will be described below by reference to a projection system 
having an SCR-DMD (sequential color recapture - digital micro mirror) display. The desiga 
5 and operation of a projection system of this kind are described in detail in the article by 

Dewald, Penn, Davis entitled "Sequential Color Recapture and Dynamic Filtering: A Method 
of Scrolling Color" in SID 01 Digest of Technical Papers, Vol. XXXII, pages 1076 to 1079, 
2001 . This article is incorporated by reference in the present description. 

Fig. 1 shows the general arrangement of the illimiinating section of a 
10 projection system of this kind. What are shown in this case are a light source IQ having a 
reflector 10a, together with essential optical components, namely a rod integrator (light 
resonator) 11, a color wheel 12, a relay lens (projection lens) 13 and a DMD display 20 that 
is driven by a driver means 20a. 

The light source 10 comprises one or more high-pressure gas-discharge lamps, 
15 and one or more reflectors 10a by which a cone of Ught 10b is directed onto an entering face 
of the rod integrator 1 1 . A power supply imit 10c is used to power the light source 10. 

Fig. 2 is an end elevation of the entering face looking in the direction of arrow 
A in Fig. 1 . The entering face is made up of a central, transparent, substantially circular, first 
region 111 and a second, mirrored region 112, surrounding the first region 111, whose area is 
20 approximately two thirds of the total area of the entering face. 

The size of the entering face is so selected that the efficiency with which light 
is projected is optimum. It generally depends on the extent of the lamp and of the entire 
arrangement 

The rod integrator 1 1 comprises a highly reflective shell 1 1 3 of glass that 
25 encloses a light guide 114. This light guide may be formed by a cavity or by a suitable light- 
conducting material. The light that is coupled into the light guide 1 14 is reflected a plurality 
of tunes at the shell 113 and, if the rod integrator 1 1 is suflBlciently long, is homogenized, thus 
giving the light a substantially uniformly distributed intensity at the emergent face of the 
integrator 11. 

30 The color wheel 12 (color modulator) has transparent red, green and blue 

coatings that each reflect dichroically and that are laid out in the form of an RGB pattern of 
Archimedean spirals. The pattem is so sized that at any given time one or more colored 
spirals cover the cross-sectional area of the emergent face of the integrator. A property that 
the pattem has is that the boundaries between the colors red, green and blue are moved at 
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constant speed in the radial direction when the color wheel 12 is turned. As a result, the RGB 
pattern moves across the emergent face of the rod integrator at a speed that is close to 
constant. The distance between the emergent face of the rod integrator 1 1 and the color wheel 
12 should be kept as small as possible to avoid light losses. 
5 The RGB pattem is finally projected onto the DMD display 20 by the relay 

lens 13. When the color wheel 20 rotates, this RGB pattem moves continuously over the 
DMD display 20. 

In the course of this, the two color components that are not being allowed to 
pass through at the tune by the relevant coating on the color wheel 12 (e.g. two thirds of the 

10 illuminated area) are reflected back into the rod integrator 1 1 and are further homogenized 
there by multiple reflection. On reaching the entering face of the rod integrator 11, one third 
of the light intensity leaves the rod integrator 1 1 in the direction of the light source 10, 
whereas two thirds of the light intensity is reflected at the mirrored second region 112 and is 
conveyed back to the emergent face by multiple reflection. These processes are repeated a 

15 number of times imtil all the light that entered the entering face of the rod integrator 1 1 from 
the light source 10 has made its way to the color wheel 12, or has been absorbed, or has left 
the rod integrator 1 1 again through the first region 1 1 1 of the entering face. 

The light L emitted by the light source 1 0 is thus made up of a first component 
I that enters the rod integrator 1 1 through the transparent first region 1 1 1 of the entering face, 

20 a second component R that is reflected at the nodrrored second region 1 12 of the entering face, 
and a third component M that fails to impinge on the entering face and instead is absorbed by 
the surroundings of the entering face, which are generally black. The equation that applies is 
thus: 

L = I + R + M. 

25 

If the focal plane of the light source 10, which is situated at the entering face 
of the rod integrator 1 1, then changes or shifts, because for example the arc discharge of the 
discharge lamp concerned is imstable, the relative proportions of the three components I, R 
and M of the light change too. 
30 This is the situation that is illustrated in Fig. 3. Light intensity is plotted along 

the vertical axis whereas the horizontal axis is taken across a diameter of the entering face of 
the rod integrator 1 1 . The central, transparent, first region 1 1 1 of the entering face lies 
approximately between the values -0.6 and +0.6 while the mirrored second region 1 12 
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connects up with the first region 111 and extends from those points to the outer ' 
circumference of the entering face at values of -1 and +1 . 

The solid line is a curve for the intensity of light in the (normal) case where 
the focal plane of the light source 1 0 is focused on the center of the entering face of the rod 
5 integrator 1 1 . If, on the other hand, the arc discharge between the electrodes of the discharge 
lamp jumps to a different position due to instabilities, there is a change in the focal plane too 
and it thus assumes, for example, the displaced position indicated by the broken line in Fig, 3. 

The reduction that this causes in the first component I of the light that enters 
through the transparent first region 1 1 1 of the entering face of the rod integrator 1 1 has to be 
10 sensed and compensated for to prevent any fluctuations in the brightness of the image. 

It has proved to be impossible or not worthwhile for the first component I of 
the Ught to be sensed directly, due to the multiple reflections in the rod integrator 1 1 and the 
effect that the color wheel 12 has on it Surprisingly however, it has been foxmd that the third 
component M of the light, which components fails to impinge on the entering face of the rod 
15 integrator 1 1 and instead is directed into the regions surroimding the entering face, shows a 
sufficiently high correlation with the first component I of the light. 

Fig. 4 shows the relationships m question in a graph in which the level of a 
sensor signal is plotted along the vertical axis and a brightness produced on the display by the 
first component I of the light is plotted along the horizontal axis. The Figure shows that the 
20 signal from a sensor sensing the second component R of the light hardly changes at all if 
there is a change in the first component I of the light, whereas there is virtually linear 
relationship between a change in the first component I of the li^t and the change in the 
signal from a sensor sensing the third component M of the light! 

It has also been found that this latter linear relationship continues to apply 
25 even when it is only part of the third component M of the light that is sensed. 

To enable this third component M of the light to be sensed, there is provided, 
as shown in Fig. 2, a sensor arrangement in the form or a plurality of individual sensors 30 
that are arranged along the circumference of the rod integrator 11, preferably in the region of 
its entering face, and that are directed at the light source 10. 
30 To obtain as linear as possible a relationship between the change in the first 

component I of the light and the signal from the sensors tihat sense the third component M of 
the li^t, the said third component M should be sensed along the entire circunxference of the 
rod mtegrator 1 1 with weightings that are as equal as possible. As shown in Fig. 2, the 
sensors 30 are therefore arranged along the circumference as uniformly as possible. 
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As an alternative to the above, there may be arranged along the circumference 
of the rod integjrator 1 1 not a plurality of individual sensors 30 but, as shown in Fig. 5, a 
light-guiding structure 31 that is formed, for example, from a slightly opaque plastics 
material. Part of the light that is iacident on this structure 3 1 will be scattered into the 
5 structure and will travel on eilong it at the directing angle of total reflection xmtil it encoimters 
a sensor 32 to enable its intensity to be sensed. The sensor 32 is generally situated within the 
structure 3 1 in this case and is shown separate therefrom in Fig. 5 simply for greater clarity. 
The opacity of the material from which the structure 3 1 is formed is so selected as to produce 
a sensitivity that is uniform around the circumference of the rod integrator 1 1. 

.10 Finally, Fig. 6 is a side-view similar to Fig. 1 of a third embodiment. In this 

view too can be seen the light source 10 having the reflector 10a, together with the rod 
integrator 1 1 that is formed by the highly reflective shell 113 and the light guide 1 14 
enclosed by the latter. The light source 10 once again directs a cone of light 10b onto the 
entering face of the rod integrator 11. 

15 To allow the third component M of the light to be sensed, there is provided a 

(Lambert) scattering siorface 33, that is positioned around the entering face of the rod 
integrator 1 1 in place of the light-guiding structure 3 1 shown in Fig. 5, and a sensor 34 that is 
arranged laterally of the light source 10 and considerably outside the cone of light 10b. 

The scattering surface 33 may, in particxolar, take the form of a ring having a 

20 white surface and may be so arranged that it surrounds the entering face of the rod integrator 
1 1 and thus scatters at least part of the third component M of the light back onto the sensor 
34. The signal from the sensor is proportional in this case to the amount of light incident on 
the scattering ring and hence to the size of the third component M of the light. 

The second component R of the light, which component is produced by the 

25 light reflected back from the second region 1 12 of the entering face, remains within the cone 
of light 10b from the light source, as also does any light that makes a renewed exit from the 
first region 111 of the entering face, and because of this no further steps need be taken to 
screen off the sexisor 34. 

However, for thermal reasons, the sensor 34 should not be mounted too close 

30 to the light source 1 0. As far as possible, the outer area of the mirrored second region 1 12 of 
the rod integrator 1 1 may also be given a black coating. 

In the view shown in Fig.6, it can also be seen that different regions of the 
scattering surface 33 are situated at different distances from the sensor 34. To give all the 
regions of the scattering surface 33 an equal sensitivity to the third component M of the light 



10 
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that is independent of the particular distance at which they are situated, the scattering 
characteristic of the surface 33 is preferably arranged to differ as a function of this distance. 
This may, for example, be achieved by making the regions further away from the sensor 34 
greater in width. Altematively and/or in addition thereto, the thickness of a scattering colored 
coating may be sized to vary as appropriate. 

The size of the jSrst component I of the light that enters the rod integrator 1 1 , 
which is v/hat is wanted, can be found by linear interpolation from the level of the third 
component M of the Ught that is sensed by the sensor or sensors 30, 32, 34, by using the 
following equation: 

I = -(M-b)/a. 



The constants a and b for the relevant optical set-up have to be determined by 
experiment and can be used for all projection systems employing this set-up. The constants 

15 depend on, for example, the nature of the reflective second region 1 12 of the entering face, 
the size and shape of the rod integrator 1 1 and the size of the scattering or retro-reflecting 
area surroxmding the rod integrator 11. 

The minus sign in the equation expresses the fact that a reduction in the first 
component I of the light produces an increase in its third component M. 

20 Finally, it has also been found that, for the range of fluctuation of 

approximately 10 % that is actually realistic for the first component I of the light, the error 
shown by the change that is calculated from the above equation is less than approximately 1 
%. So small an error can be accepted for any kind of projection system because a change in 
intensity of 1% is not visible and, to be realistic, changes in the first component I of the light 

25 of more than 10% do not occur. Hence, with the projection system according to the invention, 
it is possible for instabilities in the arc discharge that lead to fluctuations in the brightness of 
the image to be suppressed in a ratio of at least 10:1. 

As well as the sensor arrangements 30; 3 1, 32; 33, 34 for sensing the third 
component M of the light that are described above, the sensor means also preferably has a 

30 circuit (not shown) by which the fluctuations in the luminous flux emitted by the Ught source 
10 are compensated for by using the signals from the sensors. For this purpose, the circuit is 
so arranged that it controls the driver means 20a for the projection display 20 to correct the 
brightness of the gray steps and/or the power supply unit 10c of the at least one light source 
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10 to correct the luminous flux emitted, doing so in such a way that that brightness of the 
image is corrected in a suitable way and the fluctuations are compensated for in this way. 

Alternatively, the driver means 20a and/or the power supply unit 10c may of 
course also be so arranged that the sensors 30; 32; 34 can be connected directly thereto, 
5 In the case of the above embodiments, it was assimaed that there is in the 

reflector 10a a discharge lamp, the tips of whose electrodes are spaced apart substantially 
along the longitudinal axis of the reflector, that is to say in the direction in which the light is 
radiated. Hence, the arc discharge too extends substantially in this direction and any juniping 
of the arc perpendicularly thereto produces the shift in the curve defining the intensity of 

10 Ught at the entering face of the rod integrator that is shown in Fig. 3 . 

The principle according to the invention may, however, also be applied when 
the electrode tips are spaced apart in a direction perpendicular to the longitudinal axis of the 
reflector and the arc discharge too thus extends substantially in this direction. This may, for 
example, be achieved by positioning the electrode tips in a suitable way in the lamp or by 

1 5 mounting the lamp in the reflector 1 Oa in a position that is rotated through 90°. 

When this is the case, an unstable arc discharge may lead to the arc also 
jumping along the longitudinal axis of the reflector. This will result in turn not in the 
sideways lateral shift in light intensity that is shown in Fig. 3 but in de-focusing, which will 
flatten and spread out the shape of the solid-line curve shown in Fig. 3. Since this will 

20 generally increase the intensity of the light incident on the sensor arrangement according to 
the invention, fluctuations will be sensed in this case too and will be compensated for 
controlling the display and/or the power supply unit of the lamp in the manner described 
above. 

The same will also be true if a decline in the luminous flux emitted by the 
25 lamp, due for example to age, has to be compensated for. A decline of this kind will make the 
solid curve shown in Fig. 3 shallower and narrower by a proportional amount and there will 
thus also be a decline in the intensity of the light incident on the sensor arrangement. Such a 
decline can, once again, be compensated for by controlling the display and/or the power 
supply unit of the lamp. 

30 Sensing both of fluctuations and also of any longer-term decline in light is also 

possible by filtering of the signals from the sensor, which filtering is, where required, 
suitably time-based. 

If, finally, the intention is also to compensate for a long-term decline of this 
kind in tiie luminous flux emitted by the lamp when the electrode tips are spaced apart along 
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the longitudinal axis of the reflector in the manner first described above, the first embodiment 
shown in Fig. 2, where there are a plxirality of individual sensors arranged along the 
circumference of the entering face of the rod integrator, is suitable for this purpose. 

By analyzing the signals fi'om individual sensors, it will then be possible for 
the case shown in Fig. 3 (jumping of the arc), in which a greater intensity of light is incident 
on some sensors and a lesser intensity of light is incident on those situated opposite, to be 
distinguished from the case in which, due to the emission of a reduced amount of light by the 
lamp, all the sensors are exposed to a correspondingly lower intensity of light. The 
compensating actions described may thus be taken in these cases too. 



